METHOD OF CASTING AND CASTING MACHINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of casting and a casting 
machine, more precisely relates to a method of casting and a casting 
machine, in each of which a molten metal is poured into a cavity of a 
casting die so as to cast a product having a prescribed shape. 

Many kinds of ways of aluminium casting. For example, gravity 
casting has some advantages: simple casting dies, high quality products, 
etc.. 

The casting die of the gravity casting is shown in Fig. 10. In Fig. 
10, the casting die 100 is made of a metal. The casting die 100 is a 
splittable die constituted by a lower die 102a and an upper die 102b. A 
cavity 104, in which a product having a prescribed shape is cast, is 
formed by the lower die 102a and the upper die 102b. 

The upper die 102b includes: a metal inlet 106, from which a 
molten metal, e.g., a molten aluminium, a molten aluminium alloy, is 
poured into the cavity 104; a feeder head 108 provided between the metal 
inlet 106 and the cavity 104; and air ventilation holes 110, from which air 
in the cavity 104 is discharged when the molten metal is poured into the 
cavity 104. 

When the molten aluminium or aluminum alloy is solidified, its 
volume is reduced about 3 % due to shrinkage. The shrinkage of the 
solidified metal in the cavity occurs a surface sink, etc. in the cast 
product. In the casting die 100 shown in Fig. 10, a gap, which is formed 
in the cavity 104 by the shrinkage of the solidified metal, is filled with a 
part of the molten metal in the feeder head 108, so that the defect, e.g., 
the surface sink, can be prevented. 

Surface tension of the molten aluminium or aluminium alloy is 
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made greater by an oxide film formed on a surface of the molten 
aluminium or aluminium alloy. Therefore, fluidity and running property 
of the molten aluminium or aluminium alloy are low, and smoothness of a 
surface of the product is also low. To solve these disadvantages, inner 
faces of the feeder head 108 and the cavity 104 of the casting die 100 
shown in Fig. 10 are coated with lubricant so as to improve the fluidity 
and the running property of the molten metal whose surface is covered 
with the oxide film. 

When the product is cast by the casting die 100 shown in Fig. 10, 
the molten aluminum or aluminium alloy is poured into the metal inlet 
106 of the casting die 100. The cavity 104 and the feeder head 108 are 
filled with the molten aluminium or alulminium alloy with discharging 
the air from the air ventilation holes 110. 

Next, the casting die 100, in which the molten metal has been filled, 
is cooled so as to solidify the molten metal in the cavity 104. By the 
solidification of the molten metal in the cavity 104, the solidified metal is 
shrinked and the gap is formed in the cavity 104, but the gap in the cavity 
104 is filled with the molten metal supplied from the feeder head 108. 

However, in the conventional method of aluminium casting shown 
in Fig. 10, the inner faces of the feeder head 108 and the cavity 104 must 
be coated with the lubricant so as to improve the fluidity and the running 
property of the molten metal whose surface is covered with the oxide film. 
But, it is very difficult for inexperienced workers to define coating 
portions and to uniformly form coating layers. Therefore, surface defects 
of cast products, e.g., rough surfaces, cannot be avoided. 

The inventors of the present invention invented and filed an 
improved method of aluminum casting (Japanese Patent Application No. 
2000-108078), in which aluminium products having good and smooth 
surfaces can be cast without coating any lubricant. 
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The improved method will be explained with reference to Fig. 11. 
Firstly, a magnesium nitride compound (Mg 3 N 2 ), which is an example 
of deoxidizing compounds, is introduced into the cavity 104 of the 
casting die 100, then the molten aluminium or aluminium alloy is poured 
therein. 

In the improved method, the deoxidizing compound is previously 
existed in the cavity 104 of the casting die 100, so that the oxide film 
formed on the surface of the molten aluminium or aluminium alloy can be 
deoxidized and the surface tension of the molten aluminium or aluminium 
alloy can be made lower. By deoxidizing or removing the oxide film, the 
fluidity and the running property of the molten metal can be improved, so 
that surfaces of the cast products can be smooth and can have good 
external surfaces. 

The feeder head 108 shown in Fig. 10 or 11 is capable of filling the 
gap, which is formed in the cavity 104 when the solidified metal is 
shrinked, with the molten metal. Therefore, at least a part of the molten 
metal in the feeder head 108 must have enough fluidity, even if the 
molten metal in the cavity 1 04 is solidified. 

Namely, solidifying speed of the molten metal in the feeder head 
108 must be lower than that of the molten metal in the cavity 104. Thus, 
cooling rate of the feeder head must be lower than that of the cavity. To 
make the difference of the cooling rate, the feeder head 108 is formed 
into, for example, a pillar shape having broad traverse sectional area. By 
the pillar-shaped feeder head 108, the molten metal in the feeder head 
108 is not easily cooled. 

However, the solidified metal in the feeder head 108 is a disused 
part, so it will be removed from the product. If the solidified metal in the 
feeder head 108 is reused, it must be molten and energy must be 
consumed. 
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Therefore, the pillar-shaped feeder head 108, which has broad 
traverse sectional area, has greater volume, so yield of casting material 
must be lower and energy consumption for reuse must be greater. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method of casting, 
in which volume of a feeder head can be small and cooling rate of the 
feeder head can be easily made lower than that of a cavity. 

Another object of the present invention is to provide a casting 
machine, which is capable of executing the method of the present 
invention. 

The inventors studied to achieve the objects, and they found that: 
in their improved method shown in Fig. 11, the deoxidizing compound 
existed in the cavity 104 of the casting die 100 deoxidizes the oxide film 
on the surface of the molten meal, so the molten metal has high fluidity 
on the inner face of the cavity 104, which is not coated with the 
lubricant; and the cooling rate of the molten metal in the cavity 104, 
whose inner face is coated with no lubricant, is greater than that of the 
molten metal in the cavity, whose inner face is coated with the lubricant. 

To make a difference of heat insulating between the feeder head 
108 and the cavity 104 which are made of the same material, an inner 
face of the feeder head 108 is coated with the lubricant, and an inner face 
of the cavity 104 is coated with no lubricant, so that the heat insulating of 
the feeder head 108 can be made greater than that of the cavity 104. 

With this structure, the cooling rate of the feeder head 108 can be 
lower than that of cavity 104, so that solidification speed of the molten 
metal in the feeder head 108 can be slower than that of the molten metal 
in the cavity 104. Then, the inventors reached the present invention. 

The method of casting of the present invention is executed in a 
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casting machine including a casting die, in which a feeder head is 
provided between a metal inlet and a cavity and in which heat insulating 
of the feeder head is greater than that of the cavity so as to make cooling 
rate of the feeder head lower than that of the cavity, and 

said method comprises the steps of: 

pouring a molten metal into the cavity; 

reacting the molten metal on a deoxidizing compound in the cavity 
so as to deoxidize an oxide film formed on a surface of the molten metal; 
and 

supplementing the molten metal in the feeder head to the cavity 
when the molten metal in the cavity is solidified and shrinked. 

On the other hand, the casting machine of the present invention 
comprises a casting die, which includes: 

a metal inlet, from which a molten metal is poured into the casting 

die; 

a cavity, in which the molten metal is solidified so as to cast a 
product; and 

a feeder head being provided between the metal inlet and the cavity, 
in which heat insulating of the feeder head is greater than that of the 
cavity so as to make cooling rate of the feeder head lower than that of the 
cavity, 

wherein the molten metal is reacted on a deoxidizing compound in 
the cavity so as to deoxidize an oxide film formed on a surface of the 
molten metal, and 

the molten metal in the feeder head is supplemented to the cavity 
when the molten metal in the cavity is solidified and shrinked. 

In the present invention, the molten metal is reacted on the 
deoxidizing compound in the cavity of the casting die, and the oxide film 
formed on the surface of the molten metal can be deoxidized, so that the 
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fluidity of the molten metal can be higher and the product can be cast in 
the cavity, whose inner face is exposed. Therefore, the lubricant, which 
improves the fluidity of the molten metal whose surface is covered with 
the oxide film, is not required. 

The lubricant usually has heat insulating, so heat-radiating 
property of the cavity, whose inner face is coated with the lubricant, is 
made lower. On the other hand, in the present invention, the molten metal 
is filled in the cavity, whose inner face is coated with no lubricant, the 
heat-radiating property can be highly improved. Therefore, the heat- 
radiating property of the cavity of the casting die of the present invention 
can be easily made high, and the heat insulating of the feeder head can be 
easily made greater than that of the cavity by coating the inner face of the 
feeder head with the heat insulating lubricant. 

Despite the feeder head is made small, the heat insulating of the 
feeder head can be greater than that of the cavity, the cooling rate of the 
feeder head can be made lower than that of the cavity, a difference of the 
cooling rate between the molten metal in the feeder head and the molten 
metal in the cavity can be greater, and a difference of solidification speed 
there between can be made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will now be described by 
way of examples and with reference to the accompanying drawings, in 
which: 

Fig. 1 is an explanation view showing an outline of an embodiment 
of the casting machine of the present invention; 

Fig. 2A is a sectional view of a casting die of the casting machine 
shown in Fig. 1; 

Fig. 2B is a partial sectional view of a casting die of the casting 
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machine shown in Fig. 1; 

Fig. 3A is a graph showing temperature of a feeder head and a 
cavity of the casting machine shown in Fig. 1; 

Fig. 3B is a graph showing temperature of the feeder head and the 
cavity of the conventional casting machine; 

Fig. 4 is a graph showing a relationship between cooling rate of a 
molten aluminium and a clearance between dendrites of solidified 
aluminium; 

Figs. 5-7 are sectional views of other examples of the casting die; 
Fig. 8 is an explanation view showing an outline of an example of 
a cooling unit; 

Fig. 9 is an explanation view showing an outline of another 
example of the cooling unit; 

Fig. 10 is a sectional view of the casting die of the conventional 
casting machine; and 

Fig. 11 is an explanation view showing the method of casting, 
which has been invented by the inventor of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be 
described in detail with reference to the accompanying drawings. 

An outline of a casting machine of an embodiment is shown in Fig. 
1. In Fig. 1, the casting machine 10 has a casting die 12. The casting die 
12 has a metal inlet 12a, from which a molten metal, e.g., aluminium, 
aluminium alloy, is poured, and a cavity 12b, which is communicated to 
the metal inlet 12a. The casting die 12 includes a lower die 14a and an 
upper die 14b. Metals, which respectively constitute the lower and upper 
dies 14a and 14b, are exposed in inner faces of the cavity 12b. 

The casting die 12 is connected to a nitrogen cylinder 20 by a pipe 
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22. By opening a valve 24 of the pipe 22, a nitrogen gas is introduced 
into the cavity 12b via a nitrogen gas inlet 12d, so that the cavity 12b is 
filled with the nitrogen gas and non-oxygen atmosphere is produced 
therein. 

An argon gas cylinder 25 is connected to a furnace 28, in which a 
metallic gas is generated, via a pipe 26. By opening a valve 30 of the pipe 
26, an argon gas is introduced into the furnace 28. An inner space of the 
furnace 28 is heated by heaters 32 until reaching temperature of 800° C 
or more so as to sublime magnesium powders. By subliming the 
magnesium powders, a magnesium gas is generated as the metallic gas. 

Amount of the argon gas, which is introduced into the furnace 28, 
can be controlled by adjusting the valve 30. 

The argon gas cylinder 25 is connected to a tank 36, in which the 
magnesium powders are stored, via a pipe 34, to which a valve 33 is 
provided. The tank 36 is connected to the pipe 26 via a pipe 38. A 
connecting point of the pipes 26 and 38 is located on the furnace 28 side 
with respect to the valve 30. A valve 40 is provided to the pipe 38. The 
furnace 28 is connected to a metallic gas inlet 12c of the casting die 12 
via a pipe 42. The metallic gas, which has been generated in the furnace 
28 is introduced into the cavity 12b via the metallic gas inlet 12c. A 
valve 45 is provided to the pipe 42. 

When the argon gas is introduced from the argon gas cylinder 25 to 
the cavity 12b of the casting die 12 via the furnace 28, amount of the 
argon gas, which is introduced into the cavity 12b, can be controlled by 
adjusting the valve 45. 

As shown in Fig. 2A, the casting die 12 shown in Fig. 1 is a 
splittable die and constituted by the metallic lower die 14a, the metallic 
upper die 14a and an adapter 18, which is made of baked calcium sulfate. 
The cavity 12, in which a product having a prescribed shape is cast, is 
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formed by inner faces of the lower and upper dies 14a and 14b. 

In the adapter 18, a metal path 21 and a feeder head 16, which 
introduce the molten metal from the metal inlet 12a to the cavity 12b, are 
formed between the metal inlet 12a and the cavity 12b. Preferably, 
transverse sectional area of the feeder head 16 is broader than that of the 
path 21, and volume of the feeder head 16 is 5-20 % of volume of the 
cavity 12b. 

A metallic gas path 23, whose upper end is the metallic gas inlet 
12c, is communicated to the path 21. 

Air ventilation holes 25, which are capable of discharging air from 
the cavity 12b, are formed in the adapter 18 and the upper die 14b. 
Nitrogen gas paths 27, which is capable of introducing the nitrogen gas 
into the cavity 12b, are formed in the lower die 12a. 

As shown in Fig. 2B, a sectional shape of each air ventilation hole 
25 or each nitrogen gas path 27 is a circular shape, and a pillar-shaped 
member 31, whose sectional shape is a rectangular shape, is inserted 
therein. With this structure, dome-shaped paths 29 are formed and 
communicated to the cavity 12b. 

In the casting die 12 shown in Figs. 1-2B, the adapter 18, which is 
made of the baked calcium sulfate, includes the metal inlet 12a, the metal 
path 21, the metallic gas inlet 21c, the metallic gas path 23 and parts of 
the air ventilation holes 25. The path 21, etc. are arranged on the basis of 
a shape of the cavity 12b, positions of ejector pins (not shown) for 
electing the cast product, etc.. By forming the path 21, etc. in the adapter 
18, they can be easily designed. 

The adapter 18 may be made of a metallic material as well as the 
lower and the upper dies 14a and 14b. In the present embodiment, the 
adapter 18 is made of the baked calcium sulfate, so the metal path 21, etc. 
can be formed easily. 



9 



In the casting die 12 shown in Figs. 1-2B, heat insulating of the 
feeder head 16 is greater than that of the cavity 12b. Namely, a heat 
insulating treatment, e.g., coating heat insulating lubricant, is executed 
on an inner face of the feeder head 16; the inner faces of the cavity 12b, 
which are constituted by the lower and the upper dies 14a and 14b, are 
not treated, and metal faces are exposed. 

Conventionally, the heat insulating lubricant is usually used to coat 
the inner faces of the cavity, and it includes a high heat insulating 
material, e.g., ceramic. In the present embodiment, the conventional heat 
insulating lubricant is employed to coat the inner face of the feeder head 
16. 

By making the heat insulating of the feeder head 16 greater than 
that of the cavity 12b, cooling rate of the molten metal in the feeder head 
16 can be easily made lower than that of the molten metal in the cavity 
12b, so that a great difference of the cooling rate can be make between 
the feeder head 16 and the cavity 12b (see Fig. 3 A). In Fig. 3 A, a point 
"A" is temperature of the molten metal, which is poured into the casting 
die 12; a point "B" is temperature of perfectly solidifying the molten 
metal. Therefore, the molten metal in the feeder head 16 can effectively 
fill the cavity 12b in a hatched temperature zone. 

On the other hand, in the conventional casting die 100 shown in 
Fig. 10, the inner faces of the feeder head 108 and the cavity 104 are 
coated with the heat insulating lubricant, and thickness of the lubricant 
on the feeder head 108 is thicker than that on the cavity 104, so that the 
cooling rate of the molten metal in the feeder head 108 can be made 
lower than that of the molten metal in the cavity 104 as shown in Fig. 3B. 

However, as shown in Fig. 3B, the difference of the cooling rate in 
the casting die 100 is small, so the molten metal in the feeder head 108 
cannot effectively fill the cavity 104. The hatched effective temperature 
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zone is narrow. 

As shown in Fig. 3A, in the casting die 12 of the present 
embodiment, the difference of the cooling rate is greater than that of the 
conventional casting die 100 (see Fig. 3B), and the effective temperature 
zone is also broader. Therefore, a difference of solidification speed 
between the molten metal in the feeder head 16 and the molten metal in 
the cavity 12b can be made. Namely, time lag can be made between 
solidification of the molten metal in the feeder head 16 and that of the 
molten metal in the cavity 12b. 

To make enough time lag between the solidification of the molten 
metal in the feeder head 16 and that of the molten metal in the cavity 12b 
as shown in Fig. 3 A, the cooling rate of the molten metal in the cavity 
12b is 500°C/min. or more (preferably, 700°C/min. or more); the cooling 
rate of the molten metal in the feeder head 16 is less than 500°C/min. 
(preferably, less than 300°C/min.). Preferably, the difference between the 
cooling rate of the both is adjusted to 200°C/min or more. 

Experiments were executed. In the experiments, a molten 
aluminium is used as the molten metal, and cooling rate of the molten 
metal in the feeder head 16 and the cavity 12b were varied. Samples of 
the solidified aluminum, which were taken from the feeder head 16 and 
the cavity 12b, were observed by a microscope and clearances between 
dendrites of the samples were measured. The results are shown in Fig. 4. 
In Fig. 4, the horizontal axis indicates the cooling rate; the vertical axis 
indicates "DAS II value" of the clearance between the dendrites. 

As clearly shown in Fig. 4, an average clearance between the 
dendrites, which are solidified in the cavity 12b with the cooling rate of 
500° C/min. or more, is less than 25 /x m; an average clearance between 
the dendrites, which are solidified in the feeder head 16 with the cooling 
rate of less than 500 ° C/min., is 25 /x m or more. 
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If the clearance between the dendrites is small, the solidified 
aluminium has a close-crystal structure, so that the cast aluminium 
product has greater toughness. Therefore, the preferable clearance 
between the dendrite of the aluminium in the cavity 12b is less than 23 
U m, more preferably less than 20 u m. 

Note that, the clearance between the dendrite of the aluminium in 
the feeder head 16 is wider than that in the cavity 12b. Therefore, 
toughness of the aluminium in the feeder head 16 is lower than that in the 
cavity 12b, but it will be removed from the cast product as a disused part, 
so no problem will be occurred. 

When an aluminium product is cast in the casting machine 10 
shown in Figs. 1-2B, firstly the valve 24 is opened so as to introduce the 
nitrogen gas from the nitrogen gas cylinder 20 to the cavity 12b of the 
casting die 12 via the pipe 22. By introducing the nitrogen gas, air in the 
cavity 12b can be purged therefrom. The air in the cavity 12b is 
discharged from the air ventilation holes 25, so that a nitrogen 
atmosphere, which is a substantial non-oxygen atmosphere, can be 
produced in the cavity 12b. Then, the valve 24 is once closed. 

While the air in the cavity 12b of the casting die 12 is purged, the 
valve 30 is opened so as to introduce the argon gas from the argon gas 
cylinder 20 to the furnace 28. With this action, a non-oxygen atmosphere 
is produced in the furnace 28. 

Next, the valve 30 is closed and the valve 40 is opened so as to 
introduce the magnesium powders 36, which have been stored in the tank 
36, into the furnace 28 together with the pressurized argon gas. The 
furnace has been heated to 800 C or more, by the heaters 32, so as to 
sublime the magnesium powders. Therefore, the magnesium powders 
introduced in the furnace 28 are sublimed, and the magnesium gas is 
produced. 
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Then, the valve 40 is closed and the valves 30 and 45 are opened so 
as to introduce the magnesium gas into the cavity 12b via the pipe 42, the 
metallic gas inlet 12c of the casting die 12, the metallic gas path 23, the 
metal path 21 and the feeder head 16 together with the argon gas ? whose 
pressure and amount of flow are controlled. 

After the magnesium gas in introduced in the cavity 12b, the valve 
45 is closed and the valve 24 is opened so as to introduce the nitrogen gas 
into the cavity 12b via the nitrogen gas inlet 12d and the paths 27. By 
introducing the nitrogen gas into the casting die 12, the magnesim gas is 
reacted on the nitrogen gas in the cavity 12b, so that a magnesium nitride 
compound (Mg 3 N 2 ) can be produced. The magnesium nitride compound 
(Mg 3 N 2 ) is deposited on the inner faces of the cavity 12b as powders. 

When the nitrogen gas is introduced into the cavity 12b, pressure 
and amount of flow of the nitrogen gas are properly adjusted. To easily 
react the magnesium gas on the nitrogen gas, the nitrogen gas may be 
preheated so as to maintain the temperature of the casting die 12. 
Preferable time of reacting the gases is 5-90 sec, more preferably 15-60 
sec. 

While the magnesium nitride compound is stuck on the inner faces 
of the cavity 12b, the molten aluminium is poured into the cavity via the 
metal inlet 12a. The molten aluminium is introduced into the cavity 12b 
via the metal path 21 and the feeder head 16. The molten metal is 
continuously poured until the path 21 and the feeder head 16 are filled 
with the molten aluminium. 

The molten aluminium in the cavity 12b contacts the magnesium 
nitride compound stuck on the inner faces of the cavity 12b, so that the 
magnesium nitride compound removes oxygen from the oxide film 
formed on the surface of the molten aluminium. By removing the oxygen, 
the surface of the molten metal can be deoxidized, and the product can be 
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cast with pure aluminum. 

Further, oxygen left in the cavity 12b reacts on the magnesium 
nitride compound, so that magnesium oxide or magnesium hydroxide is 
produced. The magnesium oxide or the magnesium hydroxide will be 
involved in the molten aluminium. The magnesium oxide or the 
magnesium hydroxide is stable compound and its amount is small, so it 
will not badly influence the product. 

As described above, the magnesium nitride compound removes 
oxygen from the oxide film formed on the surface of the molten 
aluminum and produces pure alumiunm, so that the product can be cast 
without the oxide film. By removing the oxide film, the surface tension 
of the molten aluminium can be small, and the wettability, the fluidity 
and the running property of the molten aluminium can be improved. 
Therefore, the flat and smooth inner faces of the cavity 12b can be 
reproduced on the surfaces of the cast products, namely the cast products 
have good external shape having no crinkles and no surface detects. 

The molten metal in the feeder head 16 and the cavity 12b are 
cooled to solidify. In the present embodiment, the inner face of the feeder 
head 16 is coated with the heat insulating lubricant; the inner faces of the 
cavity 12b is coated with no heat insulating lubricant, and the metallic 
material, which constitutes the lower and the upper dies 14a and 14b, is 
exposed therein. With this structure, the cooling rate of the molten metal 
in the cavity 12b is greater than that in the feeder head 16 (see Fig. 3A). 
Therefore, the molten metal in the cavity 12b can be solidified earlier 
than that in the feeder head 16. 

When the molten metal in the cavity 12b is solidified, the 
solidified metal is shrinked so that a gap is formed in the cavity 12b and 
located close to the feeder head 16. On the other hand, the cooling rate in 
the feeder head 16 is less than that in the cavity 12b, so the molten metal 
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is still left in the feeder head 16. Then, the molten metal left fills the gap 
in the cavity 12b, so that the good product having no surface defects, e.g., 
surface sink, can be cast. 

Further, the lubricant for improving the fluidity of the molten 
metal, whose surface is covered with the oxide film, is not applied to the 
inner faces of the cavity 12b, so the surfaces of the product can be made 
very smooth. 

Since the inner face of the feeder head 16 with the lubricant, the 
cooling rate of the feeder head 16 can be less than that of the cavity 12b, 
so enough time lag can be made between the solidification of the molten 
metal in the feeder head 16 and that in the cavity 12b, and the volume of 
the feeder head 16 can be smaller. Therefore, the disused part of the cast 
product, which is formed into the pillar-shape and will be removed from 
the product, can be smaller, yield of the molten metal can be improved, 
and energy consumption can be reduced. 

In the casting die 12 shown in Figs. 1-2B, the molten metal in the 
feeder head 16 is introduced into the cavity 12b by gravity The molten 
metal may be compulsorily exerted. For example, as shown in Fig. 2 A, 
the adapter 18 of the casting die 12 is detachably attached to the upper 
die 14b. When the molten metal in the cavity 12b is solidified, the 
adapter 18 is detached and the molten metal in the feeder head 16 is 
compulsorily pressed. With this press action, the molten metal is exerted 
to fill the cavity 12b, so that the good product having no surface defects, 
e.g., surface sink, can be securely cast. 

The molten metal in the feeder head 16 should be pressed when the 
molten metal in the cavity 12b is substantially solidified and the molten 
metal in the feeder head 16 still has enough fluidity. The best timing of 
pressing the molten metal in the feeder head 16 depends on designs of the 
casting dies, so the best timing of the casting die 12 should be previously 
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known by experiments. 

A piston 35 (see Fig. 5), which is capable of moving in the vertical 
direction, may be used as means for pressing the molten metal in the 
feeder head 16. 

In the casting die 12 shown in Figs. 1-2B and 5, the feeder head 16 
is formed in the upper die 14b. The solidified metal in the feeder head 16 
is the disused part and will be removed from the product, so the feeder 
head 16 may be formed in other parts of the casting die 12. For example, 
the feeder head 16 may be formed by the adapter 18, which is made of the 
baked calcium sulfate, and the upper die 14b. In this case, heat 
conductivity of the adapter 18 is lower than that of the metallic lower die 
14b. Namely, the adapter 18 has high heat insulating, so volume of the 
adapter 18 in the adapter 18 is greater than that of the other part of the 
feeder head 16 in the upper die 14b (see Fig. 6). With this structure, the 
heat insulating of the feeder head 16 can be made greater than that of the 
cavity 12b, which is formed in the lower and the upper dies 14a and 14b, 
without applying the heat insulating lubricant on the inner faces of the 
feeder head 16. 

When the molten metal in the feeder head 16 is pressed as shown 
in Fig. 5, an heat insulating plate 37 (see Fig. 7), whose heat conductivity 
is lower than that of the metallic dies 14a and 14b, may be provided 
between the adapter 18 and the upper die 14b. In this case, the feeder 
head 16 is formed by the heat insulating plate 37 and the upper die 14b. 

The hear insulating plate 37 can be detached from the adapter 18, 
and the heat insulating plate 37 can be detached from the upper die 14b. 
With this structure, the adapter 18 is detached and the molten metal in the 
feeder head 16 can be pressed by the pressing means, e.g., the piston 35 
(see Fig. 5), when the molten metal in the cavity 12b is solidified. 

The hear insulating plate 37 may be made of baked calcium sulfate. 
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As shown in Fig. 7, volume of a part of the feeder head 16 formed in the 
plate 37 is greater than that of the other part of the feeder head 16 formed 
in the upper die 14b. With this structure, the heat insulating of the feeder 
head 16 can be made greater than that of the cavity 12b, which is formed 
in the metallic dies 14a and 14b, without applying the heat insulating 
lubricant on the inner faces of the feeder head 16. 

In the casting die 12 shown in Figs. 1-2B and 5-7, the adapter 18 
and the heat insulating plate 37 are made of the baked calcium sulfate, 
but they may be made of metals or ceramics. 

Note that, in the case of employing the metallic adapter 18 or the 
metallic plate 37, in which the feeder head 16 is substantially formed, the 
inner face of the feeder head is coated with the heat insulating lubricant 
so as to make the heat insulating of the feeder head 16 greater than that of 
the cavity 12b. 

As shown in Fig. 7, the furnace 28 shown in Fig. 1 may be 
provided immediately above the metallic gas inlet 12c of the casting die 
12. In another case, a reaction chamber 39, in which the magnesium gas, 
which is an example of the metallic gas, is reacted on the nitrogen gas, 
which is an example of the reacting gas, so as to produce the magnesium 
nitride compound (Mg 3 N 2 ), which is an example of the deoxidizing 
compound, may be provided immediately above the metallic gas inlet 12c 
of the casting die 12. 

When the aluminium product is cast in the casting die 12 shown in 
Figs. 1-7, temperature of the inner faces of the cavity 12b is lower than 
320° C, which is temperature of the inner faces of the cavity of the 
conventional casting die. In the present invention, the temperature of the 
inner faces of the cavity 12b is maintained less than 300° C while 
casting, preferably less than 230° C, more preferably less than 200° C. 

By making the temperature of the inner faces of the cavity 12b of 
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the casting die 12 lower, the casting machine of the present invention has 
many advantages: the cooling rate of the molten metal can be made 
higher; the molten metal can be uniformly solidified; the volume of the 
feeder head 16 can be reduced; tough products can be cast; cycle time of 
casting can be shorter; casting efficiency can be improved; and life span 
of the casting die can be longer. 

If the temperature of the inner faces of the cavity 12b is higher 
than the prescribed temperature, the casting die 12 should be 
compulsorily cooled. For example, the casting die 12 can be cooled by a 
cooling unit 47 shown in Fig. 8. The cooling unit 47 includes water 
jackets 12e, which is provided to the casting die 12 and in which water or 
oil is circulated. The temperature of the casting die 12 is measured by 
proper means, e.g., a thermocouple, and the cooling unit 47 is driven 
when the measured temperature is higher than the prescribed temperature 
so as to maintain the temperature of the casting die 12 in a predetermined 
temperature range. 

In the case of compulsorily cooling the casting die 12, the lowest 
temperature of the inner faces of the cavity 12b is not limited, so it may 
be the room temperature. Preferably, the temperature range is defined so 
as to economically operating the cooling unit 47. 

If the temperature of the inner faces of the cavity 12b is higher 
than the prescribed temperature in spite of employing the cooling unit 47 
shown in Fig. 8, cold water, which have been cooled by a cooler 64 (see 
Fig. 9) may be circulated in the water jackets 12e. In the cooling unit 47 
shown in Fig. 9, the cold water is once reservoired in a tank 60 and 
circulated in the water jackets 12e by a pump 62. The water in the tank 60 
is cooled by the cooler 64, whose structure is publicly known. In some 
cases, the cooler 64 cools to temperature of -25 ° C, so antifreezing 
solution is employed instead of water. 
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By employing the cooling unit 47 shown in Fig. 9, the temperature 
of the inner faces of the cavity 12b can be maintained lower than the 
room temperature, so that the solidification of the molten metal in the 
cavity 12b of the casting die 12 can be accelerated and crystal structures, 
e.g., dendrites, of the solidified metal are made finer. Further, the molten 
metal is rapidly cooled, so that the crystal structures are made close and 
compact and hardness of the cast products can be improved. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The present 
embodiments are therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing description and all changes 
which come within the meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 
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